New NLO b → X s γ calculations have become available using resummed radiative corrections. Using these calculations we perform a global fit of the supergravity inspired constrained minimal supersymmetric model. We find that the resummed calculations show similar constraints as the LO calculations, namely that only with a relatively heavy supersymmetric mass spectrum of O(1 TeV) the b − τ Yukawa unification and the b → X s γ rate can coexist in the large tan β scenario. The resummed b → X s γ calculations are found to reduce the renormalization scale uncertainty considerably. The low tan β scenario is excluded by the present Higgs limits from LEP II.
Introduction
In a previous paper we showed that the inclusive decay rate b → X s γ at leading order (LO) severely constrains the high tan β solution of the Constrained Minimal Supersymmetric Standard Model (CMSSM) [1] . This was mainly caused by the fact that b − τ Yukawa coupling unification preferred a negative sign for the Higgs mixing parameter µ, while the b → X s γ rate required the opposite sign. With initial next-to-leading order (NLO) calculations for the b → X s γ rate in the MSSM [2] large terms proportional to tan 2 β changed the sign of µ [3] . However, some sign errors in Ref. [2] were detected [4, 5] and with the corrected sign we found that no change of the sign of the chargino-stop amplitude occurred anymore, although the NLO corrections were still large. Resumming of the large terms was done in refs. [4, 5] and especially the contributions from the heavier stop, which were neglected in Ref. [2] , were taken into account. Due to a large cancellation between the stop1 and stop2 contributions, the NLO corrections turn out to be relatively small, so similar results as in LO can be expected. In addition, the new SM Higgs limit of 113.5 GeV [6] excludes the low tan β scenario of the CMSSM (tan β = 1.6 ± 0.3), as will be discussed below.
In our statistical χ 2 analysis the constraints from gauge coupling unification, b − τ Yukawa coupling unification, electroweak symmetry breaking, b → X s γ , relic density and experimental lower limits on SUSY masses can be considered either separately or combined [1] . As input parameters of the Constrained MSSM (CMSSM) we consider at the unification scale (M GUT ) the unified gauge coupling constant (α GUT ), the Yukawa coupling constants of the third generation (Y 0 t ,Y 0 b ,Y 0 τ ), the common scalar mass (m 0 ), the common gaugino mass (m 1/2 ), the common trilinear coupling (A 0 t =A 0 b =A 0 τ ), and the Higgs mixing parameter µ 0 . Furthermore the ratio of the vacuum expectation values of the two Higgs doublets (tan β ) is a free parameter. These parameters are optimized via a χ 2 test to fit the low energy experimental data on electroweak boson masses, b → X s γ , and quark and lepton masses of the third generation. Details can be found in Refs. [1, 7] .
The values of m 0 , m 1/2 , µ 0 , A 0 , Y 0 and tan β determine completely the mass spectrum of all SUSY particles via the RGE. The values of µ 0 , Y 0 and tan β are constrained for given values of m 0 and m 1/2 by EWSB and the quark and lepton masses of the third generation. Since m 0 and m 1/2 are strongly correlated, we repeat each fit for every pair of m 0 and m 1/2 values between (200,200) and (1000,1000) GeV in steps of 100 GeV.
The present value of the top mass of 174.3±5.1 [8] constrains tan β to the regions 1.6 ± 0.3 and 35 ± 3 (see Fig. 1 ), which we call the low and high tan β scenario, respectively. The high tan β scenario requires µ < 0, since the χ 2 minimum of 19 for µ > 0 at tan β ≈ 60 is excluded now by the top mass value. At tan β = 35 the top and bottom-tau Yukawa couplings are of the same order of magnitude. Forcing triple Yukawa unification would increase tan β somewhat (see middle part of Fig.  1 ). EWSB would then require a slight splitting in the mass parameters of the two Higgs doublets, which is possible by non-universal terms at the GUT scale [9] . However, the whole picture and mass spectra would not change significantly.
NLO corrections to b → X s γ
We use the b → X s γ rate from the CLEO Collaboration [10] :
This value combined with the less precise ALEPH measurement [11] 
The b → X s γ transition corresponds in lowest order to a loop with either a W, charged Higgs or chargino. The leading order corresponds to the emission of a real photon from any of the charged lines, while the dominant next-to-leading order (NLO) corrections involve virtual gluons from any of the (s)quark lines. The theoretical calculations of the b → X s γ rate are well advanced. The LO Standard Model (SM) calculations [12, 13, 14] have been complemented by NLO calculations [15, 16, 17, 18] . Recently, NLO calculations have been extended to Two-Higgs Doublet Models (2HDM) [19, 20] and the Minimal Supersymmetric Model (MSSM) [2, 4, 5, 21] .
Here we use the results from Ref. [5] , which include all potentially large two-loop contributions. At low tan β the CMSSM values for b → X s γ are in agreement with the measured value, but at large tan β only the µ < 0 value is not too far from the data at large tan β , as shown in Fig. 2 .
The renormalization scale dependence in NLO is considerably reduced as compared to the LO calculations, as shown by the width of the bands in Fig. 2 . Here we only considered the dominant scale uncertainty from the low energy scale, which was varied between 0.5m b and 2m b . The effect of the NLO calculations including both stops and resummed corrections on the total rate and individual amplitudes is rather small, as can be seen from the comparison of the LO and NLO rate and amplitudes shown in Fig. 3 . Fig. 4 shows the χ 2 distribution in the m 0 , m 1/2 plane with the dominant source of the excluded regions in the contours at the bottom. The analysis from Ref. [22] finds a more restricted region, mainly because they require the relic density to be between 0.1 and 0.3, while we require simply that the relic density is not above the critical density.
The high tan β scenario requires µ < 0, as is clear from Fig. 1 . However, this yields too high values of b → X s γ for large tan β , as shown in Fig. 2 . Only for heavy sparticle masses, which then decouple, the χ 2 becomes in an acceptable range, as shown by the right hand side of Fig. 4 . The results at large tan β are similar to the previous LO calculations [1] , but slightly more restrictive due to the smaller scale uncertainty in the NLO calculations. The low tan β scenario from Ref. [1] is shown for comparison. Previously it was constrained mostly by the relic density, although now the whole low tan β scenario is excluded by the present limits on the Higgs mass from LEP, as will be discussed in the next section.
Higgs mass constraints
In Supersymmetry the couplings in the Higgs potential are the gauge couplings. The absence of arbitrary couplings together with well defined radiative corrections to the masses results in clear predictions for the lightest Higgs mass and electroweak symmetry breaking (EWSB) [23] .
In the Born approximation one expects the lightest Higgs to have a mass m h below the Z 0 mass. However, loop corrections, especially from top and stop quarks, can increase m h considerably [24] . The Higgs mass depends mainly on the following parameters: the top mass, the squark masses, the mixing in the stop sector, the pseudoscalar Higgs mass and tan β. As will be shown below, the maximum Higgs mass is obtained for large tan β, for a maximum value of the top and squark masses and a minimum value of the stop mixing. The Higgs mass calculations were carried out following the results obtained by Carena, Quirós and Wagner [25] in a renormalization group improved effective potential approach, including the dominant two-loop contributions from gluons and gluinos. The gluino contributions were taken from the FeynHiggs calculations [26] .
Note that in the CMSSM the Higgs mixing parameter µ is determined by the requirement of EWSB, which yields large values for µ [23] . Given that the pseudoscalar Higgs mass increases rapidly with µ, this mass is always much larger than the lightest Higgs mass and thus decouples. We found that this decoupling is effec-tive for all regions of the CMSSM parameter space, i.e. the lightest Higgs has the couplings of the SM Higgs within a few percent. Consequently the experimental limits on the SM Higgs can be taken.
The lightest Higgs boson mass m h is shown as function of tan β in Fig. 5 . The shaded band corresponds to the uncertainty from the stop mass for m t = 175 GeV. The upper and lower lines correspond to m t =170 and 180 GeV, respectively.
One observes that for a SM Higgs limit of 113.5 GeV [6] all values of tan β below 4.3 are excluded in the CMSSM. This implies that the low tan β scenario with tan β = 1.6 ± 0.3 (see Fig. 1 ) is excluded.
In order to estimate the uncertainties of the Higgs mass predictions in the CMSSM, the relevant parameters were varied one by one. The Higgs mass varies between 110 and 120 GeV, if m 0 and m 1/2 are varied between 200 and 1000 GeV, which implies stop masses varying between 400 and 2000 GeV, as shown in Fig. 6 for 3 different values of the trilinear coupling at the GUT scale A 0 in units of m 0 . For larger values of m 1/2 and tan β the Higgs mass saturates, as is obvious from the 3-D plots in Fig. 6 and from Fig. 5 . The b → X s γ rate requires A 0 > −2, since lower values increase b → X s γ even more for µ < 0. For the minimum value of A 0 m h > 113.5 GeV excludes only the small corner at the left bottom in the m 0 , m 1/2 plane . In Ref. [22] the excluded region is larger, since they kept A 0 = 0. Note that the stop mixing parameter X t = A t − µ/tan β is not an arbitrary free parameter in the CMSSM, since the Higgs mixing parameter is determined by EWSB and the value of A t at low energy is largely determined by m 1/2 through radiative corrections.
Since at present there is no preference for any of the values between 110 and 120 GeV, the variance for a flat probability distribution is 10/ √ 12=3 GeV, which we take as an error estimate. The values m 0 = m 1/2 = 370 GeV yield the central value of m h = 115 GeV. The dependence on m t is shown in Fig. 7 for A 0 = 0 and intermediate values of m 0 and m 1/2 for two values of tan β (corresponding to the minimum χ 2 values in Fig. 1 ). The uncertainty from the top mass at large tan β is ± 5 GeV, given the uncertainty on the top mass of 5.2 GeV. The uncertainties from the higher order calculations (HO) is estimated to be 2 GeV from a comparison of the full diagrammatic method [26] and the effective potential approach [25] , so combining all the uncertainties discussed before we find for the Higgs mass in the CMSSM m h = 115 ± 3 (stopmasses) ± 2 (theory) ± 5 (topmass) GeV, where the errors are the estimated standard deviations around the central value. As can be seen from Fig. 5 this central value is valid for all tan β > 20 and decreases for lower tan β.
Conclusions
The results can be summarized as follows:
• The NLO b → X s γ contributions do not strongly change the LO predictions;
only the renormalization scale uncertainty decreases, thus increasing the ex-cluded parameter region. The observed b → X s γ is still difficult to reconcile at large tan β with b − τ unification, as observed before in LO [1, 27] .
• The low tan β scenario (tan β < 4.3) of the CMSSM is excluded by the lower limit on the Higgs mass of 113.5 GeV [6] .
• For the high tan β scenario the Higgs mass is found to be in the range from 110 to 120 GeV for m t = 175 GeV. The errors around the central value of 115 GeV are found to be: m h = 115 ± 3 (stopmasses) ± 2 (theory) ± 5 (topmass) GeV. This prediction is independent of tan β for tan β > 20 and decreases for lower tan β . tan β 
